re uced proliferative responses to T and B cell mitogens (lo), decreased T killer cell function (19), inhibition of antibody formation (E), suppression of macrophage differentiation and function (5), decreased graft rejection (32), and reduced delayedhypersensitivity responses (35). Glucocorticoids may exert their immunosuppressive effects through lymphocyte apoptosis or altered cell migration patterns (i.e., the passage of cells through the spleen and lymph nodes) (17). In addition to affecting cells directly, glucocorticoids may reduce chemical-messenger activity (i.e., the production and release of cytokines) during the immune response (33). For example, glucocorticoids can reduce interleukin-2 (IL-2) mRNA (2) and IL-2 receptor mRNA (22). Recent evidence suggests that glucocorticoids stimulate production of IKBCY, the protein that holds the transcription factor NF-KB in its inactive form in the cytoplasm (3). Because NF-KB activates many immunoregulatory genes, the inhibition of its activity by glucocorticoids could be one mechanism underlying immunosuppression by these steroids.
Most of the suppressive effects of glucocorticoids have been demonstrated in glucocorticoid-sensitive species, such as house mice (Mus musculusj and rats (Rattus norvegicus); however, these glucocorticoidsensitive species may not be useful for defining the mechanisms of actions of glucocorticoids in glucocorticoid-resistant species (13). Glucocorticoid resistance, the decreased biological effectiveness of a given concentration of glucocorticoids, results from the relative insensitivity of target tissues to glucocorticoids. To compensate for reduced target tissue sensitivity, high concentrations of glucocorticoids are secreted. Therefore, the primary characteristic of glucocorticoid resistance is excess secretion of glucocorticoids, in the absence of glucocorticoid-induced pathology (e.g., lymphoid tissue destruction) (13, 23). Additional criteria for glucocorticoid resistance include high adrenal-tobody weight ratio (11) and a lack of corticosterone suppression in response to administration of the synthetic glucocorticoid, dexamethasone (1) . New World primates, ferrets, guinea pigs, and some human families have been characterized as glucocorticoid resistant (1, 13) . Arvi co ine 1 rodents may also be glucocorticoid resistant. For example, high basal levels of corticosterone, in the absence of glucocorticoid-induced pathology, have been reported in Townsend's voles (Microtus townsendii) (31), meadow voles (M. pennsylvanicus) (8), and prairie voles (M. ochrogaster) (16, 40) .
The relationship between glucocorticoid-sensitive and glucocorticoid-resistant species is not obvious, and it is currently not possible to predict glucocorticoid sensitivity of unexamined species. Even simple relationships between high circulating glucocorticoid levels and immune function have not been explored in many species. Thus complex relationships, such as the extent to which high blood glucocorticoid levels in microtine rodents interact with immune function to affect dramatic population fluctuations, remain unexamined.
Glucocorticoids Animals. Twelve adult male prairie voles (M. ochrogaster) (~60 days of age) and 13 adult male house mice (M. muscuZus) were used in this study. Prairie voles were obtained from our breeding colony, which was established using animals trapped near Champaign, IL. Swiss Webster house mice were obtained from Taconic Labs (Germantown, NY). All animals were individually housed in polycarbonate cages (28 X 17 X 12 cm) with food (Agway ProLab 2000) and water available ad libitum. Animals were maintained in separate rooms under a 168-h light-dark cycle (LD 168; lights on from 0600 to 2200) with ambient temperature of 21 t 2°C and relative humidity of 50 2 5% throughout the study. Procedure. Upon initial delivery, house mice were given 2 wk to acclimate to laboratory conditions. Prairie voles remained unmanipulated in their cages during this time. After acclimation, all animals were lightly anesthetized with methoxyflurane vapors (Metofane, Pitman-Moore, Mundelein, IL), and a blood sample was obtained from the retroorbital sinus between 1000 and 1100, followed by rapid cervical dislocation.
Previous studies show that corticosterone levels in this species are at the circadian nadir at this time (40). The blood sampling procedure lasted cl.5 min. Blood samples were allowed to clot and were centrifuged at 2,000 revolutions/min for 30 min. Serum was removed and stored at -80°C for later analysis of corticosterone, using the procedures described below. Immediately after cervical dislocation, the spleen was dissected from each animal, and splenocytes were assayed for proliferation, using the procedure described below. ProZiferation assay. Splenocyte proliferation in response to stimulation with the mitogen, Concanavalin A (ConA), was determined using a calorimetric assay based on the tetrazolium salt 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) (14). Splenocytes were separated from tissue by pressing the whole spleen between sterile frosted glass slides, and separated cells were suspended in 4 ml of culture medium [RPMI-1640 2v-2-hydroxyethylpiperazine-N '-2-ethansulfonic acid (HEPES) supplemented with 1% penicillin (5,000 U/ml)/streptomycin (5,000 ug/ml), 1% L-glutamine (2 mM), 0.1% 2-mercaptoethano1 (5 x lop2 M), and 10% heat-inactivated fetal bovine serum]. Splenocyte counts and viability were determined using a hemacytometer and trypan blue exclusion (Sigma Chemical, St. Louis, MO). Viable cells (which always exceeded 95%) were adjusted to 2 X lo6 cells/ml by dilution with culture media, and 50 ul of each cell suspension (i.e., 100,000 cells) were added to the wells of sterile flat-bottomed 96-well tissue culture plates. ConA (Sigma Chemical) was diluted with culture media to concentrations of 20, 10, 5, 2.5, 1.25, 0.6, and 0.3 ug/ml, and 50 yl of each mitogen concentration were added to the wells of the plate containing the spleen cell suspensions to yield a final volume of 100 ul/well (each in duplicate Statistical analyses. Proliferative responses were analyzed using a mixed overall analysis of variance with one betweensubjects variable (i.e., species) and one within-subjects variable (i.e., mitogen concentration).
Significant interactions were assessed using simple main effects. Total serum corticosterone, MCBC, and free serum corticosterone levels were treated as pairwise comparisons and analyzed with independent two-tailed t-tests. Correlations between proliferative values and total or free corticosterone levels were examined with Pearson product moment correlations.
All analyses were considered significant if P < 0.05.
RESULTS
Proliferation data. Prairie voles exhibited higher splenocyte proliferative responses than house mice at optimal concentrations of ConA. There was a significant interaction between species and mitogen concentration (F(7, 161) = 17.723, P < 0.001) (Fig. 1) .
Corticosterone data. Total serum corticosterone levels were significantly higher in prairie voles compared with house mice (P < 0.0001) (Fig. 2A) . The MCBC of CBG was also significantly greater in prairie voles than house mice (P < 0.0001) (Fig. 2B) . Finally, as shown in Fig. ZC , the amount of free serum corticosterone was significantly higher in prairie voles compared with house mice (P < 0.05). Although it is generally accepted that only free corticosterone is biologically active (9), (?SE) free serum corticosterone levels (rig/ml) of house mice and prairie voles. *P < 0.05. some researchers disagree (34). Therefore, correlations were performed between both total and free corticosterone and splenocyte proliferation. Analyses indicated no significant correlation between total or free corticosterone levels and splenocyte proliferative values at optimal mitogen concentration in either prairie voles or house mice (P > 0.05 in each case).
DISCUSSION
Despite having significantly elevated total and free corticosterone levels, prairie voles had higher splenocyte proliferative responses to ConA compared with house mice. In glucocorticoid-sensitive animals, such as mice, endogenous corticosterone suppresses mitogeninduced lymphocyte proliferation (10). Because prairie voles do not exhibit deleterious consequences commonly associated with excessive corticosterone, we predicted that splenocyte proliferation in response to ConA would not be reduced compared with mice. The data obtained in the present study are consistent with this prediction.
Most previous studies examining the interaction between glucocorticoids and immunity have only measured total corticosterone levels (17). However, it is generally accepted that only the free fraction of glucocorticoids is biologically active (9). In the present study, total basal corticosterone levels in prairie voles were X0 times higher than those of mice. In addition, despite having higher levels of CBG, prairie voles had significantly higher levels of free corticosterone than mice. Corticosterone is the primary glucocorticoid in arvicoline rodents (38).
Many studies investigating the effects of corticosterone on lymphocyte proliferation have reported inhibitory effects in glucocorticoid-sensitive species (10, 2 1). For example, compared with splenocytes from intact rats, splenocytes from adrenalectomized rats display enhanced proliferative responses to both T and B cell mitogens (10). Conversely, other reports have indicated that proliferative responses of whole blood lymphocytes and splenocytes, in response to stimulation with ConA, were reduced in adrenalectomized rats compared with intact rats (41). However, in the same study, treatment with high doses of exogenous corticosterone to intact rats suppressed proliferation, whereas low doses were ineffective (41). Although preincubation of splenocytes with corticosterone before mitogenic stimulation yields varying results, generally nanomolar corticosterone concentrations stimulate, whereas micromolar corticosterone concentrations suppress, proliferative responses to mitogens (41). Our data revealed that in the presence of high endogenous corticosterone levels, prairie voles had an enhanced response to ConA compared with mice.
The species difference in mitogen-stimulated splenocyte proliferative responses does not appear to be due to a different dose-response relationship between species, because both mice and prairie voles responded similarly to ConAwith respect to the dose of ConAneeded to induce an optimal proliferative response ( Fig. 1) . In mice and prairie voles, neither total nor free corticosterone concentrations were significantly correlated with optimal splenocyte proliferation. This suggests that additional variables may affect the interaction between glucocorticoids and the response to mitogens. One such possibility is the adrenal steroid dehydroepiandrosterone (DHEA), which antagonizes the glucocorticoidinduced suppression of lymphocyte proliferation in mice (7). DHEA levels are low in mice (7) 
